Environmental variation can have profound and direct effects on fitness, fecundity, and host-24 symbiont interactions. Replication rates of microbes within arthropod hosts, for example, are 25 correlated with incubation temperature but less is known about the influence of host-symbiont 26 dynamics on environmental preference. Hence, we conducted thermal preference (T p ) assays 27 and tested if infection status and genetic variation in endosymbiont bacterium Wolbachia 28 affected temperature choice of Drosophila melanogaster. We demonstrate that isogenic flies 29 infected with Wolbachia preferred lower temperatures compared to uninfected Drosophila. 30
INTRODUCTION 38
Environmental variations through intrinsic (e.g. physiology, reproduction, metabolism) and 39 extrinsic (e.g. food sources, predation risk, immunity) factors impose a strong impact on the 40 fitness of all organisms (e.g., Levins 1968; Endler 1977; 1986; Fox et al. 2001 wMelPop but also its natural predecessor wMelCS have significantly higher cellular densities 83 and growth rates than wMel when assayed in the same fly genetic background at 25°C (Table  84 1; Chrostek et al. 2013) . While high Wolbachia densities result in augmented antiviral 85 protection, they also have negative effects by reducing their host's lifespan. Accordingly, it 86 has been proposed that the higher titer -and hence more costly -wMelCS variant was 87 replaced by the low-titer wMel variant in natural D. melanogaster populations (Chrostek et al. 88 2013) . Thereby, flies infected with the more recent wMel variant have higher fitness due to 89 lower Wolbachia titers compared to flies infected with wMelCS. Alternatively, the highly 90 protective wMelCS variant may have been replaced by wMel independent of the symbiont´s 91 capacity for virus resistance but because of better adaptation to viruses at the host level 92 To test our hypothesis, we conducted laboratory-based temperature preference assays using 107 isogenic D. melanogaster w 1118 strains that are either uninfected (w-) or infected with one of 108 To determine whether T p of adult D. melanogaster varies with Wolbachia infection status and 121
Wolbachia genotype, we conducted lab-based experiments using a custom-built temperature 122 gradient apparatus for assaying flies of the isogenic lab-strain w 1118 that were either 123 uninfected (w-) or infected with one of the Wolbachia strains wMel, wMelCS, or wMelPop 124 (Supporting Information Fig. S1-4 ). We first investigated whether age (3-4, 5-7 or 10-14 125 days post eclosion) and Wolbachia infections, or sex (males or females) and Wolbachia 126 infections had an influence on T p by means of two-way mixed-effect Poisson regressions. We 127 neither found significant effects of age or sex nor significant interactions of either factor with 128
Wolbachia infections (see Fig. 1A+B and Table 2A+B and Tukey's honestly significant differences (HSD). We found that temperature preference of D. which were both approximately 4°C lower than to w-(see Fig. 1C , Table 2C and Table 3) melanogaster, need to be tested first in different host backgrounds, which are naturally or 203 artificially infected with the endosymbiont. 204
In conclusion, we present experimental support for a potential ecological conflict between 205 host and symbiont that may have profound effects on host physiology. Our results provide a 206 novel conceptual platform from which to further investigate host temperature preference, or 207 behavioral chill, in other Wolbachia-infected insect hosts. Future studies should examine if 208 host temperature preference has a direct impact on Wolbachia density regulation. 209
Additionally, it is important to determine any effects that host T p has on the strength of anti-210 viral protection that Wolbachia provide to some hosts. 211
212

EXPERIMENTAL PROCEDURES 213
Fly Lines 214
For all assays, we used D. melanogaster without Wolbachia (w-) as well as flies infected 215 wMelPop all set in the DrosDel w 1118 isogenic background, which were kindly provided by 217 Luis Teixeira and previously described by Teixeira et al. (2008) and Chrostek et al. (2013) . 218
We used biological replicates of approximately 30 flies per vial, independently rearing 219 each vial of flies at 25°C, in a 12:12 light -dark cycle with constant 45% humidity. Flies were 220 raised on Drosophila Formula 4-24® Instant Medium (Carolina®, NC) that was 221 supplemented with fresh yeast. Approximately equal numbers of male and female flies were 222 used in each assay except for assays that explicitly tested sex-class T p differences (see 223 Table S1 and Supporting Information File 1). In addition to 224 testing for sex-class T p differences, we performed assays to test for age-specific T p 225 differences, thus all fly lines were segregated into three age-classes -3-4 days, 5-7 days, and wMelPop-infected fly line did not produce enough flies to conduct all three age-class assays. 230 Therefore, we excluded wMelPop from the statistical analyses of age-specific effects (see 231 Table S1 and introduced by aspiration into the thermal gradient chamber through a small hole located 279 halfway along the top of the polycarbonate tube, where the temperature consistently averaged 280 25°C. Flies used for thermal preference assays were never anesthetized because of the strong 281 effects from CO 2 treatment on Drosophila behavior (Barron 2000) . Each assay was conducted 282 for thirty minutes. Between assays, the temperature gradient chamber was taken apart and 283 thoroughly cleaned to avoid contamination from any pheromone particles. All aluminum parts 284 were cleaned using 95% ethanol. Because ethanol and polycarbonate are chemically 285 incompatible, the polycarbonate tube and end caps were cleaned using hot water and soap, 286 followed by a four-minute rinse with hot water to ensure that surfaces were free of soap 287 residue. 288 289
Supporting Information
Data collection 290
Using three GoPro HERO3+ cameras, we collected data for each assay in the form of 291 digital images. To capture images of the entire thermal gradient and the flies within it, we 292 mounted the cameras above, lateral to, and below the apparatus, capturing images every 30 293 seconds for the duration of each treatment (30 minutes). Images were analyzed using Adobe 294 Photoshop CS6. All 60 images from each assay were reviewed, from which we determined 295 that A) the flies were highly active, retaining the ability to relocate as necessary, for the entire 296 assay, and B) after being introduced to the thermal gradient, actively flew around for up to 15 297 mins before they settled on either the aluminum rod or polycarbonate tube surfaces. At first, we excluded flies infected with wMelPop, since we failed to obtain sufficient flies 311 to test for age-specific T p at all three age-classes (3-4 days, 5-7 days and 10-14 days post 312 eclosion; Supporting Information Table S1) and tested for age-and Wolbachia-specific 313 differences in thermal preference with a two-way GLMM of the form: T i = wol + age + wol × 314
Here, T is the continuous response variable "Temperature", age is a nominal 315 fixed factor with three levels each (age: 3-4 days, 5-7 days and 10-14 days post eclosion), wol 316 is a nominal fixed factor "Wolbachia" with three levels (un-infected, wMel and wMelCS), wol 317 × age is the interaction term, Rep is a nominal random factor "Replicate" for replicate trials 318 and ߝ i is the error (Table 2A, Fig. 1A) . In a complementary analysis, we removed all flies of 319 the age class 3-4 days and repeated the abovementioned analysis including all Wolbachia 320 strains on two age classes (5-7 days and 10-14 days post eclosion) only. This latter analysis 321 yielded qualitatively similar results to the former analysis including all age classes without 322 wMelPop (Supporting Information Table S2 ). 323
Next, we censored flies with undetermined sex status and excluded uninfected flies (w-), 324 since we failed to obtain sufficient replication to test for male-specific T p for uninfected flies 325 (Supporting Information Table S1 ). We then tested for sex-and Wolbachia-specific 326 differences in thermal preference with a two-way GLMM of the form: T i = wol + sex + wol × 327 sex + Rep + ߝ I Here, T is the continuous response variable "Temperature", sex is a nominal 328 fixed factor with two levels (male and female), wol is a nominal fixed factor "Wolbachia" 329 with three levels (wMel, wMelCS, and wMelPop), wol × age is the interaction term, Rep is a 330 nominal random factor "Replicate" for replicate trials and ߝ I is the error (Table 2B; Fig. 1B) . 331
Finally, we included all flies, irrespective of age and sex status, and tested for the effect of 332 infection status and Wolbachia strain variation on thermal preference with a GLMM of the 333 form: T i = wol + Rep + ߝ i , where T is the continuous response variable "Temperature", wol is 334 a nominal fixed factor "Wolbachia" with four levels (un-infected, wMel, wMelCS, and 335 wMelPop), Rep is the nominal random factor "Replicate" and ߝ i is the error (Table 2C; Fig.  336   1C) . Here, we further tested for significant pair-wise comparisons among the level of the 337 factor "Wolbachia" with Tukey's honestly significant difference (HSD) post-hoc tests using 338 the R package multcomp ( Table 3) . We conservatively applied Bonferroni corrections to the α 339 threshold (α'= 0.05/3 = 0.017) to account for multiple testing. Table showing 
